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The transformational changes in the ecosystem over the past two decades have led to the
technological leap that made all scientists talk about the Fourth Industrial Revolution. Against the
background of the changes that the revolution personifies, the determining factor is the study of the issue
of smart manufacturing as the main link in the revolution. The paradigm in the development of smart
manufacturing is not only the development of such technologies as artificial intelligence, blockchain in
manufacturing, the Industrial Internet of Things, robotics, cybersecurity, etc. but also the financial
security of all its processes. Since smart manufacturing is a specific category of economic development,
it also requires specific funding. The article investigates the terminological definition of Smart
Manufacturing. The Smart Manufacturing market was studied, and a forecast for the coming years was
made. At the beginning of 2019, the market was USD 204,95 billion and USD 422.88 billion by 2025.
The work is substantiated, Smart Factory is a mechanism workshop for Smart Manufacturing. Although,
in our opinion, Smart Factory is the environment for the formation of technologies, that improve the
work of manufacturing mechanisms. The importance of becoming Industry 4.0 based on the principles of
sustainable development is determined. Since human activity has led to the destruction of the ecosystem.
The budgets of the world's leading countries for the development of Smart Manufacturing have been
studied. The leader is Germany. It is planned to spend USD 200 million of public funding and USD 300
million of private one (business investment). The authors noted the importance of implementing
responsible investing. The investment climate of Ukraine has been studied. In 2019, Ukraine is ranked
64th in the Doing Business ranking, 85th in the Global Competitiveness Index, 47th in the Global
Innovation Index and 126th in the Transparency International ranking. The lack of implementation of
almost all principles of Smart Manufacturing is noted.
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Introduction. Today, determining the level and mechanisms of financial support for the
formation of smart manufacturing is a priority and is held under the sustainable development
auspices, since humanity cannot cope with the regenerating changes in the ecosystem and try to
find ways out of the crisis. Therefore, responsible investment fits the best for achieving goals, as
it takes into account environmental, economic, governance factors.

Problem statement. The understanding of financing tools, in particular investment in the
context of smart manufacturing, is quite ramified and not fully defined in achieving sustainable
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development. Among domestic scientists, the subject was dealt with in particula
V. P. Vyshnevskyi and S. I. Kniaziev, who consider smart manufacturing from a cyber-
physical point of view, which gives an incomplete understanding of the essence of the
definition [1]. V. 1. Skitsko mainly considers the issue of smart manufacturing in the structural
and classification context and offers a scheme for the interaction of the state, science, and
business to achieve the Fourth Industrial Revolution [2]. O. S. Honcharenko, O. O. Barabash
and M. U. Tszianmin consider the smart manufacturing concept in the context of sustainable
development and add some systemic principles [3]. Among foreign scientists, it is necessary to
admit Chunguang Bai and Patrick Dallasega, who developed a method for assessing
technologies of the Fourth Industrial Revolution to ensure sustainable development. This
allows the transition to the Fourth Industrial Revolution but under conditions of assessing each
technology to determine their impact on the industry and sustainable development [4].

The issues were also investigated by KahraJ., Saurabh Ahluwalia, Raj V. Mahto,
M. Mazzucato etc. Joanna Wyrwa researched the most related topic and noted the importance
of investment as the main indicator of increasing the level of digitalization, automation, and
robotization, e. i. the tools for smart manufacturing [5]. The study of the issue of smart
manufacturing is quite ramified by its empirical and functional definition. Therefore, the task
of the research is to consider the data on the formation of smart manufacturing and to
determine the institutional mechanisms and the level of its financial support.

The purpose is to consider the problem of the formation of smart manufacturing and the
foundations of its financing under the sustainable development auspices.

Results of the research. The dynamics of the technology evolution process pushed the
economy and society to the transformation of the strategies of development and doing
business. Today, technological progress has led to the automation of every stage and process
of manufacturing that is defined as the Fourth Industrial Revolution.

The Fourth Industrial Revolution is a stage of human life, when an individual is
surrounded by cyber-physical systems absolutely everywhere, where a computerized network
can exist, without the direct participation of the human. In 2010 Germany presented the
private and public programme “Industry 4.0”. Since then the definition of Industry 4.0 is
synonymous with the Fourth Industrial Revolution in most research of scientists.

The mechanisms of Industry 4.0 formation are the development of real and virtual phases
of digitalization, automation and robotization. Their tools are the development and
implementation of smart technology such as Big Data, Internet of Things (110T), Virtual and
Other realities, Blockchain, Smart Factory, Smart Cities, Machine learning, etc.

The key definition of Industry 4.0 is the connection of “smart equipment” at “smart
manufacturing”. The largest component is still “Smart Manufacturing”. The definition is
interpreted differently in different sources and sometimes is identified with “Smart Factory”.
Although, in our opinion, Smart Factory is the environment for the formation of technologies,
that improve the work of manufacturing mechanisms. That is, Smart Factory is a mechanism
workshop for Smart Manufacturing. Some definitions of “Smart Manufacturing” are given
in Table 1.

The definition of Andrew Kusiak is the most complete and it fully reveals the Smart
Manufacturing paradigm.

Since Industry 4.0 goes hand in hand with the concept of sustainable development, then
responsible investment and its forms play an important role in smart manufacturing
development.
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Responsible investment is the choice of an investment strategy taking into account
environmental, economic, corporate and governance factors (ESG — environmental, social,
governance), as well as the market stability in the long term [10].

Table 1
Terminological definition of the concept of “Smart Manufacturing”
No. Source Terminology
1 Andrew Kusiak The form of production, the development of which is the
integration of production assets with digital, communication
technologies, modeling, forecasting, management and design
[6]
2 National Institute of The production system that is fully integrated with changing
Standards and production conditions as well as the demand and supply of a
Technology (NIST) customer[7]
3 Pankaj Raushan The combination of a collection of different technologies and
solutions for the implementation of a production environment
8]

4 Jim Devisra at al The implementation of the Internet of Things (IloT) at all
stages of production and throughout the supply chain [9]

Source: compiled by authors based on the analysis [6, 7, 8, 9]

The investment has also changed and has many forms due to the influence of the
globalization processes and time:

— Socially responsible investing (SRI) — investment that includes social and environmental
criteria;

— Sustainable investing — choosing a strategy that excludes assets associated with damage to
environmental or social sustainability;

— Thematic investing — investment strategies that have a well-defined topic;

— Green investing — investing in companies or technologies that do not cause damage to the
environmental situation;

— Impact investing — targeted investment (achieving a social or environmental goal).

It is rather difficult to determine the forms and types of responsible investment since there is
no clearly defined paradigm for their classification.

The global market of Smart Manufacturing in early 2019 was USD 204.95 billion. At the end
of 2019, it is already USD 252.29 billion and is expected to reach USD 422.88 billion by 2025,
recording a CAGR of 9.33% over the forecast period (2019-2020). The global Smart
Manufacturing market is expected to reach USD 506.33 billion by 2027, and during the forecast
period the CAGR will be 12.2 %. The forecast is visualized in Figure 1.

Smart Manufacturing has a decisive influence on the relationship between technology-
society-biological species (human, individual). Today, the priority is not only to reach the top of
Industry 4.0 but to achieve it under the sustainable development auspices. Since human activities
have led to the destruction of the ecosystem, the task of Smart Manufacturing is to bring Industry
4.0 on a trajectory of sustainable and resilient development without damage to the ecosystem.

For example, Germany plans to include into budget the costs for the development of Industry
4.0, the basis of which is Smart Manufacturing. It is planned to spend USD 200 million of public
funding and USD 300 million of private one (business investment).
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Figure 1. The volume of the world market for Smart manufacturing [11]

The program focuses on technologies for the development of the Internet of Things (IoT) and
Cyber-Physical Systems (CPS) [12].

Singapore, according to the Industry Transformation Map (ITM) programme, launched in
2016, invested SGD 3.3 billion in the development and research of production and engineering
links in 2020 [13].

In turn, the EU within the framework of the Horizon 2020 programme invested in research
and innovation about EUR 1.15 billion from 2014 to 2020 [14].

Joining the innovation revolution, the USA and Great Britain at the beginning of the creation
of the concepts of Manufacturing USA and Catapult centers declared 700 and 430 million
dollars respectively.

During 2019-2020, Great Britain invested USD 744 million to create a future innovative step
in the Catapult centers programme for research and development. The investments were made
mainly for Core Grant Investment in capability — USD 236 million; Attracts commercial
Investment in Projects — USD 154 million; Collaborative R&D Wins — USD 130 million,
CR&D Leveraged — USD 224 million [15].

The USA annual report 2020 states that the growth trend of investments in Technology and
Workforce Projects was 20% more during 2019-2020 than in the previous reporting period.
Investment in new Projects for 2019-2020 makes USD 9.7 million [16].

Smart Manufacturing development programmers have been developed and implemented in
other countries. Therefore, the integration of financial instruments to ensure Smart
Manufacturing should be a priority of the state financial policy. The state plays a key role in this
matter, as it must create the necessary conditions for businesses to modernize and switch to
smart manufacturing technologies.

Talking about financing smart manufacturing it should be noted that each country has its own
unique set of financing tools based on the local economic and political situation.

Most often, the instruments that are used for business financing by the state are as follows:

— reduced tax rates;

— tax holidays for newly-formed innovative manufacture;

— state grants for the implementation of innovative projects;

— tax credit.
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In the context of other infrastructures, investments (public, private, mixed, investments of
international organizations) are the determining instrument for the additional attraction of the
capital.

Investments, especially foreign ones, provide not only cash inflow but also the emergence of
new technological transformations. The level and readiness of the country for investors is
determined by the investment attractiveness ranking.

In 2019, Ukraine is ranked 64" in the Doing Business ranking, 85" in the Global
Competitiveness Index, 47" in the Global Innovation Index and 126™ in the Transparency
International ranking. This is a negative screening for the investment climate of the state.

In Ukraine, the formation of Smart Manufacturing is being developed with the support of the
Association of Industrial Automation of Ukraine (APPAU) and the Concept of Industrial
Movement 4.0. The formation of smart manufacturing is at an empirical (document) stage.

There is no clearly defined amount of financing for Smart Manufacturing in Ukraine.
Investment support for innovative, scientific and technological development in the formation of
sustainable smart manufacturing remains a priority.

The main inflow of investments to Ukraine is carried out by foreign investors. So, according
to the NBU, as of June 30, 2020 foreign direct investment in Ukraine makes USD 50.311 billion.
It should be noted the top 5 investor countries. They are as follows: Cyprus (USD 15 494
million), the Netherlands (USD 10261 million), Switzerland (USD 3083 million), Great Britain
(USD 3 054 million) and Germany (USD 2 316 million) [17].

Ukraine has the potential to develop Smart Manufacturing but under conditions of reasonable
financial policy.

Conclusions and prospects of further research. The development of Smart Manufacturing
is an integral part of Industry 4.0 and a task of achieving sustainable development. The main
problem is financial and institutional leverages, which are based on:

— state and financial support for the scientific and research sector;

— improving the investment climate.

It should be noted that moderate development of the world Smart Manufacturing market is
observed. As for Ukraine, the research results show rather slow (passive) development. Despite
the creation of a National Industry 4.0, we observe the scant involvement of the state. The
implementation of almost all strategy principles and business support is missing.

It should be noted that the country has a sufficiently developed centre of skilled personnel,
namely engineers, to support the development of smart manufacturing. But state is gradually
losing them since there are no jobs.
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TpancdopmanioHHBle M3MEHEHHSI B HKOCHCTEME 3a IIOCIEIHHE IBa MACCATIIICTHS IpPUBEIH K
TEXHOJIOTUYECKOMY MPOpPBIBY, YTO 3acTaBMIO BECh HAay4yHbI MHp 3aroBoput o UYerBeproit
MpOMBIIUIEHHOH  peBomonmu. Ha ¢oHe W3MeHeHHil, KOTOpBIC OJUIETBOPSET  PEBOJIOLUS,
OTIPEAENSIONINM SIBISIETCA HCCIEIOBAaHUE BOINpPOCA Pa3yMHOTO IIPOM3BOJCTBA KaK TJIABHOTO 3BEHA
pesomonun. IlapagurMoif B pa3BUTUH Pa3syMHOTO MPOU3BOACTBA SIBISAETCS HE TOJNBKO Ppa3BUTHE
TEXHOJIOTHI: HMCKYCCTBEHHBI HMHTEJIEKT, OJOKYEeHH B IPOU3BOJACTBE, IPOMBIIUICHHBIH HHTEpHET
Belel, poboToTeXHNKa, KHOepOe30macHOCTs U HpodY., HO M (uHAHCOBas 00ECHEYEeHHOCTh BCEX €ro
nponeccoB. Tak Kak pazyMHOE IIPOHM3BOJCTBO SIBISIETCS CHENU(UUSCKON KaTeropueil SKOHOMHYIECKOTO
pasButHi, TO Tpebyer u  crnemuduueckoro (HUHAHCHpOBaHWS. B cratee  mcciemyercs
TepMUHOJIOTHYECKOe omnpeneneHne Smart Manufacturing. beur nzyden peiHOK Smart Manufacturing u
cZlenaH IporHo3 Ha Omkaiinme rogpl. OtMmedaercs, uto Ha Havano 2019 peHok cocrasmsut 204,95 mpn
nomnapos CILIA, a Ha 2025 nporrosupyetcs 422,88 mupa gowtapo CIIA. B pabote 060cHOBaHO, YTO
Smart Factory siBisieTcst MexaHH3MEHHBIM LiexoM st Smart Manufacturing, mockonsky Smart Factory,
[0 MHEHHIO aBTOPOB, SBIAETCS CPENOH CTAHOBICHHUS TEXHOJIOTHH, MPH KOTOPBIX YIydimaercss pabora
MEXaHU3MOB Tpou3BojacTBa. OrmpeneneHa BaXHOCTh cTaHOBieHMs Industry 4.0 mo npuHIMDAM
YCTONYMBOTO pa3sBHUTHS, TaK KakK JEATEIBHOCTH UYEIOBEUSCTBA IPHBENAa K JECTPYKIMH 3KOCHCTEMEL
HccnenoBano OrOKETHI BEMYNIMX CTPaH MUpa Ui pa3Butus Smart Manufacturing. Jlugepom sBisieTcst
I'epmanust, KOTOpasl IUIAHUPYET 3aJI0XKUTh B OIOJDKET Ha pasBuTHe mporpammsl Industry 4.0, ocHoBOM
KoTOpoii sBsiercss Smart Manufacturing 200 mia gomn. CILIA rocymapcTBeHHOTO (DUHAHCHPOBAHUS H
300 mma gomn. CIIA gacTHOTO (MHBecTHIHH OW3Heca). ABTOpaMH OTMEYEHa Ba)KHOCTH BHEAPCHHUS
OTBETCTBEHHOTO HMHBECTUPOBaHUS. M3yueHO HMHBECTUIIMOHHBIM KiIMMaT YKpauubl. Tak, YkpauHa B
2019 roay mo peitrunary Doing Business Haxoquiiacs Ha 64 mecre, mo peiitunry Global Competitiveness
Index — na 85 mecre, o peiitunry Global Innovation Index — Ha 47 mecte u 110 peliTunry Transparency
International — na 126 Mecte.

Kurouesvle cnosa: YMHOE€ NPOU3BOICTBO, yCTOfI'-IPIBOG Ppa3BUTHUE, OTBETCTBEHHOC HMHBECTUPOBAHUC,
YETBEPTas NMPOMBILNUICHHAsA pEBOJIIOLIMA.
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TpancdopmartiiiHi 3MiHH B €KOCHCTEMi 3a OCTaHHI J[Ba JIECSATUIIITTS MPU3BEIH J0 TEXHOJIOTTYHOTO
HPOPHUBY, 110 3MYCHJIO BECh HAYKOBHIA CBIT 3arOBOpUTH Tpo UeTBepTy MpoMHUCIOBY peBosowito. Ha T
3MiH, sIKI YOCOOJIIOE PEBOJIOLIS, BU3HAYATIEHHM € JIOCHIKSHHsI MMUTAHHS PO3YMHOTO BHPOOHMIITBA SIK
TOJIOBHOI JIAHKM PeBOJIIOLIi. [TapagurMoro B po3BUTKY PO3YMHOrO BHPOOHHMIITBA € HE JIMILIE PO3BUTOK
TEXHOJIOTI: INTYYHHH IHTENEKT, OJIOKYEHH Yy BHPOOHMITBI, NPOMHCIOBHIA I[HTEpHET pedeH,
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pobGororexHika, kibepOe3neka Ta iHm, a i ¢iHaHcoBa 3a0e3nedueHicTh BCix Horo mpomeciB. Tak sk
pO3yMHE BHPOOHHMLTBO € CHEHU(IYHOI KaTeropi€l0 EKOHOMIYHOTO PO3BUTKY, TO MOTpedye i
crnerudiuHoro (QiHaHCyBaHHA. B CTaTTi JOCHIMIKYEThCS TEPMIHOJOTIYHE BH3HAYEHHs Smart
Manufacturing. by BuBueHuii punok Smart Manufacturing Ta 31iliCHEHO IPOTHO3 Ha HAHOIMXKYi POKH.
3a3HavaeThes, mo Ha mouyatok 2019 poxy punok cknazaB 204,95 mupa momapis CIIA, a wHa 2025
nporaosyerbest 422,88 wmupx pomapis CIHIA. B pobGoti obrpyHroBaHo, mo Smart Factory €
MexaHizamidauM 1iexoM Juis Smart Manufacturing, tak sk Smart Factory, Ha my™MKy aBTOpiB, €
CepelOBUIIEM CTAaHOBJCHHS TEXHOJIOTIH, 3aBIIKM SKHM IIOKpallyeTbcss poboTa MeXaHi3MiB
BUpOOHMITBA. Br3HaueHo BaxmBicTh craHoBieHHs Industry 4.0 3a DpUHIMIIAMH CTaNOro PO3BHUTKY,
TaK SIK TiSUTBHICTH JIFOACTBA IMpPH3BENa 0 ACCTPYKHii eKxocucTeMu. JocmimkeHo OOIKETH MpPOBITHUX
KpaiH CBITY U1 po3BUTKY Smart Manufacturing. Jlinepom € Himeuunna, sika miaHye 3aKIacTy B OI0KET
Ha po3BuTOK mporpamu Industry 4.0, ocHOBorO skoi € Smart Manufacturing 200 mia gom. CIIA
nepkaBHoro (¢inancyBaHHs Ta 300 mur monm CLUA npuBarHoro(iHBecTHuii OizHecy). ABTOpamu
3a3HAa4€HO BaXKJIMBICTh BIPOBAIKCHHS BiAMOBIIAIFHOTO iHBECTYBaHHA. BUBUEHO iHBECTUIIIMHUNA KIIiMaT
Vkpaian. Tax, Ykpaina B 2019 poui 3a pelituarom Doing Business 3Haxomutbcst Ha 64 wmicwi, 3a
peiituarom Global Competitiveness Index — Ha 85 micui, 3a peiituarom Global Innovation Index — na 47
Micui Ta 3a peiitnarom Transparency International — Ha 126 micri.

Knrouogi crnosa: po3ymHe BUPOOHHIITBO, CTAIMH PO3BUTOK, BiANOBiNaNbHE iHBECTYBaHHS, YeTBEPTa
MIPOMHUCIIOBA PEBOJIIOLLIS.
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